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(57) ABSTRACT 

The present invention relates to a see-through security ele 
ment (12), for security papers, value documents and the like, 
having at least one micropattern having a visual appearance 
that is viewing-angle dependent when looked through (26. 
28). According to the present invention, the at least one micro 
pattern is formed from an arrangement of a plurality of pattern 
elements (24) having a characteristic pattern spacing of 1 Jum 
or more, and the see-through security element (12) exhibits a 
total thickness of 50 m or less. 
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US 8,534,708 B2 
1. 

SEE-THROUGH SECURITY ELEMENT WITH 
MCROSTRUCTURES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is the U.S. National Stage of International 
Application No. PCT/EP2007/008953, filed Oct. 16, 2007, 
which claims the benefit of German Patent Application DE 10 
2006050 047.4, filed Oct. 24, 2006; both of which are hereby 
incorporated by reference to the extent not inconsistent with 
the disclosure herewith. 

The present invention relates to a see-through security 
element, for security papers, value documents and the like, 
having at least one micropattern having a visual appearance 
that is viewing-angle dependent when looked through. 

For protection, data carriers. Such as value or identification 
documents, or other valuable articles, such as branded 
articles, are often provided with security elements that permit 
the authenticity of the data carriers to be verified, and that 
simultaneously serve as protection against unauthorized 
reproduction. The security elements can be developed, for 
example, in the form of a security thread embedded in a 
banknote, a tear strip for product packaging, an applied Secu 
rity strip, a cover foil for a banknote having a through open 
ing, or a self-supporting transfer element, such as a patch or a 
label that, after its manufacture, is applied to a value docu 
ment. 

Security elements having viewing-angle-dependent effects 
play a special role in safeguarding authenticity, as these can 
not be reproduced even with the most modern copiers. Here, 
the security elements are furnished with optically variable 
elements that, from different viewing angles, convey to the 
viewer a different image impression and, depending on the 
viewing angle, display for example another color or bright 
ness impression and/or another graphic motif. 

Based on that, the object of the present invention is to 
specify a see-through security element of the kind cited above 
that avoids the disadvantages of the background art. In par 
ticular, as a security feature, the see-through security element 
is intended to exhibit an easily perceptible piece of optical 
information that offers high counterfeit protection and that 
requires no special illumination conditions for the authentic 
ity check. 

This object is solved by the see-through security feature 
having the features of the main claim. A security paper, a data 
carrier and a corresponding manufacturing method are speci 
fied in the coordinated claims. Developments of the present 
invention are the Subject of the dependent claims. 

According to the present invention, in a generic see 
through security element, the at least one micropattern is 
formed from an arrangement of a plurality of pattern elements 
having a characteristic pattern spacing of 1 um or more. 
Furthermore, according to the present invention, the see 
through security element exhibits a total thickness of 50 Lum or 
less. 
The inventive arrangement of a plurality of pattern ele 

ments can be a regular or irregular arrangement, or an 
arrangement that is regular in some regions. The present 
invention thus encompasses any arrangement of a plurality of 
pattern elements that exhibits a pattern spacing of 1 um or 
O. 

The see-through security element preferably exhibits a 
transparent or translucent Substrate and, applied on the Sub 
strate, a marking layer that includes the at least one micro 
pattern. 
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2 
In principle, any transparent or translucent Substrate can be 

used for the see-through security element. Here, the transmit 
tance must be at least so large that the viewing-angle-depen 
dent appearance can be perceived by the viewer in transmitted 
light. The use of an additional illumination means to improve 
the perceptibility of the appearance by the viewer is conceiv 
able, even if according to the present invention, the thickness 
of the material is chosen such that the optically variable 
appearance of the see-through security element is possible 
also without auxiliary means. 

Accordingly, paper, especially cotton Vellum paper, is, in 
principle, conceivable as a Substrate. Of course also paper that 
includes a portion X of polymer material in the range from 
0<x<100 wt.% can be used. 

However, it is particularly preferred when the substrate is a 
plastic, especially a plastic foil, e.g. a foil composed of poly 
ethylene (PE), polyethylene terephthalate (PET), polybuty 
lene terephthalate (PBT), polyethylene naphthalate (PEN), 
polypropylene (PP) or polyamide (PA). Further, the foil can 
be stretched monoaxially or biaxially. The stretching of the 
foil causes it to, among other things, gain polarizing proper 
ties that can be used as a furthersecurity feature. The auxiliary 
means required to take advantage of these properties, such as 
polarization filters, are known to the person of skill in the art. 

It can also be expedient when the substrate is a multilayer 
laminate, especially a laminate of multiple different foils 
(composite laminate). Here, the foils of the laminate can be 
formed e.g. from the above-mentioned plastic materials. Such 
a laminate is distinguished by an extraordinarily high Stabil 
ity, which is of great advantage for the durability of the 
security element. These laminate materials can also be used 
with great advantage in certain climate regions of the earth. 

All materials used as a substrate can exhibit additives that 
serve as authenticating features. Here, primarily luminescent 
substances that are preferably transparent in the visible wave 
length range and, in the non-visible wavelength range, can be 
excited by a suitable auxiliary means, e.g. a UV- or IR 
radiation-emitting radiation source, are to be considered in 
order to produce a luminescence that is visible or at least 
detectable. Of course also the marking layer, that is, e.g., the 
lacquers or inks used for the micropattern, can exhibit the 
above-mentioned additives. 

In an advantageous variant of the present invention, the 
marking layer of the see-through security element constitutes 
a colored embossing lacquer layer whose regions that are left 
standing when embossing, i.e. non-embossed regions, form 
the pattern elements of the at least one micropattern. 

In another, likewise advantageous variant of the present 
invention, the marking layer of the see-through security ele 
ment is a transparent or translucent embossing lacquer layer 
that exhibits embossed depressions that are Subsequently 
filled with colored material and that form the pattern elements 
of the at least one micropattern. The depressions can exhibit 
any form or contour shape. Hereinafter, also the term 
“trenches' is used for these depressions. 

In a further, likewise advantageous variant of the present 
invention, the marking layer of the see-through security ele 
ment is a printing layer having regions of high transmittance 
and having regions of low transmittance, the regions of low 
transmittance forming the pattern elements of the at least one 
micropattern. 

According to yet a further advantageous variant of the 
present invention, the marking layer of the see-through Secu 
rity element is a micro intaglio layer having regions of high 
transmittance and having regions of low transmittance, the 
regions of low transmittance forming the pattern elements of 
the at least one micropattern. The properties of Such micro 
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intaglio layers and methods for their manufacture will be 
described in greater detail below. 
The see-through security element preferably exhibits a 

total thickness of 20 Lum or less, particularly preferably of 3 
um to 10 Lum. The pattern elements of the micropattern expe 
diently exhibit a characteristic pattern spacing of 5 um or 
more. Further, according to an advantageous embodiment, it 
is provided that the pattern elements each exhibit a pattern 
size of 1 um or more, preferably of 3 um or more. For the 
profile of the pattern elements, height-to-width ratios from 
about 1:5 up to about 5:1 are considered advantageous, and 
from about 1:1 up to about 5:1 particularly advantageous. 

According to a development of the present invention, at 
least one of, if applicable, multiple micropatterns is formed 
by a lamellar pattern composed of a plurality of substantially 
parallel lamellae. The visual appearance of the micropatterns 
then changes when the security element is rotated or tilted due 
to the changing viewing direction relative to the parallel 
lamellae. 

Particularly preferably, in the security element, multiple 
micropatterns formed by lamellar patterns are provided that 
differ in one or more of the parameters lateral orientation, 
color, width, height, relief shape and spacing. 

Here, the differing lamellarpatterns can advantageously be 
arranged in the form of patterns, characters or a code that 
appear, change or disappear especially when the security 
element is rotated or tilted. 

According to another development of the present inven 
tion, at least one of, if applicable, multiple micropatterns is 
formed by a plurality of depressions having an increased 
transmittance in a marking layer, such that the visual appear 
ance of the micropattern changes when the security element is 
rotated or tilted due to the changing viewing direction relative 
to the depressions. Here, the plurality of depressions can 
advantageously be arranged in the form of patterns, charac 
ters or a code that appear, change or disappear especially 
when the security element is rotated or tilted. 

According to a preferred embodiment of the present inven 
tion, the pattern elements are provided in Sub-regions with an 
opaque, transparent, semitransparent, reflective or absorbing 
coating. Here, the coating can be developed to be monolayer 
or multilayer and particularly advantageously as a thin-film 
element having a color-shift effect, that is, to be optically 
variable. Coatings composed of so-called pearlescent pig 
ments are prime examples of monolayer thin-film elements. 
Multilayer thin-film elements are generally developed as 
purely dielectric thin film structures or metallic/dielectric 
multi-ply structures. Presently, for the multilayer thin-film 
elements, three-layer interference layer structures (metallic/ 
dielectric three-ply structure) are particularly preferred. 

Furthermore, the pattern elements can be provided in sub 
regions with a metallic coating, with a light-absorbing moth 
eye pattern or also with a diffractive pattern that diffracts 
substantial portions of the incident light away from the 
viewer. 

It is particularly preferred when the pattern elements 
exhibit an asymmetrically arranged coating, moth-eye pattern 
or diffractive pattern. In the case of a coating, the asymmetric 
arrangement on the pattern elements can be achieved, for 
example, through oblique vapor deposition. 

In a further advantageous embodiment of the present 
invention, the see-through security element exhibits a trans 
parent or translucent Substrate having a first and an opposing 
second Surface, a see-through mask being applied to the first 
Surface as a micropattern. A congruent see-through mask is 
applied to the second surface with a predetermined lateral 
offset of 100 um or less. 
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The see-through mask preferably includes a motif in the 

form of patterns, characters or a code that is visually percep 
tible when looked through only at a certain viewing angle. 

Particularly advantageously, the see-through masks are 
each formed by an opaque layer having light-transmitting 
openings, the openings exhibiting a size of less than 200 um, 
preferably a size of about 3 um to about 100 um, and forming 
a motif in the form of patterns, characters or a code. The offset 
of the see-through mask is coordinated with the size of the 
openings and the thickness of the Substrate and is preferably 
significantly less than 100 um, for example only about 20 um 
or less, or even only about 10 um or less. 
The see-through security element according to the present 

invention can advantageously exhibit further security ele 
ments in order to further increase the counterfeit security. For 
example, the additional security element can be a transparent 
or semitransparent coating that is structured to be mono- or 
multilayer. Optically variable layers, especially interference 
layers, can advantageously be used for the additional coat 
ings. The person of skill in the art is sufficiently familiar with 
purely dielectric thin film structures, metallic/dielectric 
multi-ply structures and the materials used in each case for the 
layers of these interference layer systems. Of course an addi 
tional security element can also be taken as part of the see 
through security element according to the present invention, 
especially when, as in the case of the already mentioned 
thin-film elements having a color-shift effect, the further 
security element (interference layer structure) is arranged on 
or under the micropattern. In any case, through the Synergistic 
coaction of the micropattern with the further security ele 
ment, a significant increase in the counterfeit security and an 
enhancement of the optical appearance of the see-through 
security element according to the present invention results. 
The additional coating can be Superimposed on or laid 

under the micropattern of the see-through security element. A 
particularly impressive, additional optically variable effect 
can be obtained, for example, when the additional optically 
variable coating is arranged between the transparent or trans 
lucent Substrate and the marking layer that includes the 
micropattern. The Synergistic coaction of the optically vari 
able micropattern and the additional optically variable coat 
ing significantly increases the counterfeit security of the see 
through security element. 
The additional coating can exhibit machine-readable prop 

erties at least in Some regions. The additional coating also 
advantageously exhibits magnetic, electrically conductive or 
luminescent properties. 

However, the additional security element can also advan 
tageously be diffraction patterns, kinematic patterns or matte 
patterns. For example, as diffraction patterns, holograms can 
be used that are provided with a transparent or semitranspar 
ent metal layer or high-index dielectric coating. For these 
additional security elements, too, the counterfeit security is 
increased particularly in that the additional security element 
is either superimposed on or laid under the micropattern of the 
see-through security element, or is arranged practically with 
out spatial distance next to the micropattern. 
The additional security element can also be developed in 

the form of a liquid crystal layer, especially as a cholesteric or 
nematic liquid crystal layer, or in the form of a multilayer 
arrangement of cholesteric and/or nematic liquid crystals. It is 
also possible to develop the additional security element as a 
printing element. The printing element can advantageously 
include an ink that absorbs and/or emits in the infrared (IR) or 
ultraviolet wavelength range (fluorescence or phosphores 
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cence), which facilitates machine detection. The printing ele 
ment can also include optically variable or iridescent pig 
mentS. 

Finally, also a non-diffractive or diffractive lens structure, 
for example a Fresnel lens arrangement, is combinable with 
the micropattern according to the present invention as an 
additional security element. 
The present invention also comprises a method for manu 

facturing a see-through security element of the kind 
described, in which the see-through security element is pro 
vided with at least one micropattern having a visual appear 
ance that is viewing-angle dependent when looked through, 
the at least one micropattern is formed from an arrangement 
of a plurality of pattern elements having a characteristic pat 
tern spacing of 1 um or more, and the see-through security 
element is produced having a total thickness of 50 um or less. 
The at least one micropattern is formed in the form of an 

arrangement of a plurality of pattern elements that is regular, 
irregular or regular in Some regions. 

In the method according to the present invention, to a 
transparent or translucent Substrate is advantageously applied 
a marking layer in which the at least one micropattern is 
developed. 

According to one method variant, as a marking layer, a 
colored embossing lacquer layer is applied, for example, 
imprinted, and the embossing lacquer layer is patterned, by 
means of embossing techniques, in Such a way that the 
regions that are left standing when embossing, i.e. non-em 
bossed regions, form the pattern elements of the at least one 
micropattern. 

In another method variant, as a marking layer, a transparent 
or translucent embossing lacquer layer is applied, for 
example imprinted, and depressions are introduced into the 
embossing lacquer layer by means of embossing techniques. 
The depressions in the embossing lacquer layer are then filled 
with colored material, for example a printing ink, such that 
the filled depressions form the pattern elements of the at least 
one micropattern. The depressions can exhibit any shape and, 
in the following, are also referred to as “trenches'. 

In a further method variant, a printing layer having regions 
of high transmittance and having regions of low transmittance 
is applied as a marking layer, the regions of low transmittance 
forming the pattern elements of the at least one micropattern. 

In principle, different methods are conceivable with which 
a see-through security element according to the present 
invention can be manufactured. Thus, the perse known meth 
ods will not be addressed in greater detail in the following. 

However, the micro intaglio method is mentioned here as a 
particularly advantageous method variant in which the micro 
pattern is applied to the substrate in that 
a) a die form is provided whose surface exhibits an arrange 

ment of elevations and depressions in the form of the 
desired micropattern, 

b) the depressions in the die form are filled with a curable 
colored or colorless lacquer, 

c) the Substrate is pretreated for a good anchoring of the 
colored or colorless lacquer, 

d) the surface of the die form is brought into contact with the 
Substrate, 

e) the lacquer that is in contact with the substrate in the 
depressions in the die form is cured and, in the process, 
joined with the substrate, and 

f) the surface of the die form is removed from the substrate 
again such that the cured lacquer that is joined with the 
substrate is pulled out of the depressions in the die form. 
For further embodiments of this micro intaglio method and 

the associated advantages, reference is made to German 
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6 
patent application 10 2006 029 852.7, whose disclosure in 
this regard is incorporated in the present application. 

For the micro intaglio method, it is particularly preferred 
when the depressions in the die form are filled in stepb) with 
a radiation-curing lacquer and the lacquer is cured in step e) 
by impingement with radiation, especially with UV radiation. 
Furthermore, the lacquer can advantageously be precured in 
the depressions in the die form prior to the bringing-into 
contact in step d). 
The micropattern of the die form is advantageously formed 

by micropattern elements having a line width between about 
1 um and about 10 um. It is also preferred when the micro 
pattern of the die form is formed by micropattern elements 
having a pattern depth between about 1 um and about 10 um, 
preferably between about 1 um and about 5um. 

In an expedient variant of the method according to the 
present invention, the see-through security element is pro 
duced having a total thickness of 20 um or less, preferably of 
3 um to 10 Jum. 

Further, at least one micropattern can beformed by a lamel 
lar pattern composed of a plurality of Substantially parallel 
lamellae. 

Alternatively, however, it is also conceivable that at least 
one micropattern is formed in a marking layer by a plurality of 
depressions having an increased transmittance. 

In a development of the described method, the pattern 
elements are provided in Sub-regions with an opaque, trans 
parent, semitransparent, reflective or absorbing coating, espe 
cially with a metallic coating, a moth-eye pattern or a diffrac 
tive pattern. 

In another advantageous embodiment of the method 
according to the present invention, a transparent or translu 
cent Substrate having a first Surface and an opposing second 
Surface is provided, a see-through mask is applied to the first 
Surface as a micropattern, and a congruent see-through mask 
is applied to the second surface with a predetermined lateral 
offset of 100 um or less. 

Here, in an advantageous method, the see-through masks 
are applied simultaneously to the opposing Surfaces of the 
Substrate. Alternatively, the see-through masks can also be 
applied to the opposing Surfaces of the Substrate in Succes 
Sion. The see-through masks are particularly preferably 
applied to the opposing sides of the Substrate by means of the 
above-described micro intaglio technique. 
The present invention also comprises a security paper for 

the manufacture of security or value documents, such as 
banknotes, checks, identification cards, certificates or the 
like, and a data carrier, especially a branded article, a value 
document or the like, the security paper and the data carrier 
being furnished with a security element of the kind described. 

Through the described measures, it is ensured that the 
see-through security elements according to the present inven 
tion are thin enough to also be able to be used in the realm of 
value documents, and that, with the proposed methods, they 
can also be manufactured economically in the required high 
quantities. The pattern spacing of 1 Lum or more, or the pattern 
size of 1 Lum or more, ensures that the micropatterns appear 
largely achromatic, so without distracting color splitting. The 
optically variable effects can thus be perceived with no prob 
lem also in unfavorable illumination conditions. 

With the see-through security element according to the 
present invention, advantageously, a number of so-called 
motion effects can be achieved that, on the one hand, further 
improve the counterfeit security, and on the other hand, are 
very visually appealing for the viewer. In that the see-through 
security element is broken down into a plurality of regions in 
which micropatterns having different viewing-angle-depen 
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dent tilt effects are arranged, motion effects can be achieved 
that are also referred to as flip, running or pump effects. With 
these effects, upon tilting the see-through security element, 
the viewer perceives an apparent movement of the observed 
pattern due to the optical impression that alternates in a 
defined manner. 

Further exemplary embodiments and advantages of the 
present invention are described below with reference to the 
drawings. To improve clarity, a depiction to scale and propor 
tion was dispensed with in the drawings. 
Shown are: 
FIG. 1 a schematic diagram of a banknote having a see 

through security element according to the present invention, 
FIG. 2 a cross section through an inventive see-through 

security element having a blind image, 
FIG.3 a cross section through a see-through security ele 

ment having a blind image, in which the lamellae are devel 
oped in the shape of a trapezoid, 

FIG. 4 in (a) and (b), intermediate steps in the manufacture 
of a see-through security element according to an exemplary 
embodiment of the present invention, 

FIG. 5 a schematic top view of a see-through security 
element according to a further exemplary embodiment of the 
present invention, 

FIG. 6 a section of the banknote in FIG. 1 having a see 
through security element according to the present invention, 
in which the denomination of the banknote is repeated as an 
optically variable element, 

FIG. 7 a cross section through a see-through security ele 
ment according to the present invention, having a marking 
layer that includes a pattern composed of depressions, 
FIG.8 by way of example, a few embodiments for depres 

sions that, in each case, lend the marking layer a defined 
increased transmittance, wherein (a) shows depressions of 
different widths and depths and (b) depressions having dif 
ferent contour shapes and sizes, 

FIG. 9 a see-through security element according to the 
present invention having a symmetric lamellar pattern that is 
provided with an asymmetric opaque coating, 

FIG. 10 a security element similar to that in FIG. 9, in 
which the pattern elements exhibit further surfaces of differ 
ent slopes, 

FIG.11a security element similar to that in FIG.9 and FIG. 
10, having Surface patterns having Surfaces of different slopes 
and a symmetric metal coating, the see-through image taking 
effect at a vertical angle of impact of the metal vapor, 

FIG. 12 a security element similar to that in FIG.9 to FIG. 
11, in which the pattern elements are provided in Sub-regions 
with light-absorbing moth-eye patterns, 

FIG. 13 a see-through security element having, on oppos 
ing Surfaces of a substrate, see-through masks arranged with 
a predetermined offset, the motif of the see-through masks 
being visually perceptible when looked through only from a 
certain viewing direction (a), while the see-through security 
element appears opaque from other viewing directions (b). 

FIG. 14 a schematic top view of a see-through security 
element according to yet a further exemplary embodiment of 
the present invention, and 

FIG. 15 a cross section through a further inventive security 
element that exhibits micropattern elements that are provided 
with an optically variable coating. 

The invention will now be explained using a security ele 
ment for a banknote as an example. For this, FIG. 1 shows a 
schematic diagram of a banknote 10 having a see-through 
security element 12 having a blind image that is arranged over 
a see-through region 14, Such as a window region or a through 
opening in the banknote 10. The through opening can be 
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8 
produced after the manufacture of the substrate of the ban 
knote 10, for example by punching or laser cutting. However, 
it is also conceivable to produce the through opening during 
the manufacture of the banknote substrate, as described in 
WO 03/054297 A2. To that extent, the disclosure of WO 
03/054297 A2 is incorporated in the present application. 
As explained in greater detail in the following, the blind 

image of the see-through security element 12 displays a dif 
ferent visual appearance depending on the viewing direction. 
For example, the security element 12 can appear patternless 
and light when looked through vertically, while, upon tilting 
or rotating the banknote, dark markings in the form of pat 
terns, characters or codes stand out. In other embodiments, 
the markings are already visible when looked through verti 
cally, and disappear orchange when the banknote is rotated or 
tilted. 
What is important for the use of the see-through security 

element 12 in the banknote 10 or other securities is its low 
total thickness of less than 50 lum. The see-through security 
element preferably exhibits an even smaller layer thickness of 
only about 20 um or even of only about 3 um to 10 Lum. The 
present invention provides multiple possibilities for produc 
ing optically appealing blind images with Such low total 
thicknesses. 
A first possibility for manufacturing a thin see-through 

security element having a blind image is illustrated based on 
the cross section through the security element 12 in FIG. 2. In 
the exemplary embodiment shown, first, a thin layer of a 
colored embossing lacquer 22 is applied to a transparent 
substrate 20. The embossing lacquer layer 22 is then pat 
terned by means of embossing techniques in Such a way that 
a lamellar pattern composed of a plurality of substantially 
parallel, individually situated lamellae 24 is formed. 
When viewed parallel to the lamellae 24, so in the viewing 

direction 26, the security element 12 appears substantially 
transparent when looked through. If, in contrast, the viewer 
tilts the security element 12 out of the parallel viewing direc 
tion, for example in the viewing direction 28, then the lamel 
lae 24 block the view through it, that is, the security element 
12 appears opaque for the viewer. 
The lamellar pattern constitutes a regular arrangement of a 

plurality of lamellae 24 having a characteristic pattern spac 
ing that, according to the present invention, is 1 um or more, 
such that, in the visible spectral range, the lamellae 24 effect 
no color splitting due to wavelength-dependent diffraction 
effects. In the exemplary embodiment in FIG. 2, the spacing 
of adjacent lamellae 24 is 5um, the pattern size, that is, the 
width of the individual lamellae, is 2.5 um. The height of the 
embossed lamellae 24 is 5 um, Such that a height-to-width 
ratio of 2:1 results. In general, this ratio is between approxi 
mately 1:5 and approximately 5:1, preferably around or 
above 1:1 to approximately 5:1. 
The rectangular profile of the lamellae 24 shown in FIG. 2 

represents an idealization of the actual ratios in an embossed 
lacquer layer. In practice, the transitions at the top and bottom 
edges of the lamellae are rounded off to a certain extent, and 
the sides of the lamellae 24 are not completely vertical. Also 
a specific development of the lamellae 24 in the shape of a 
trapezoid having sides of a slope different than 90°, as shown, 
for example, in FIG. 3, may be used. Here, the slope of the 
sides is preferably between about 70° and about 85°. Here, 
too, in practice, the transitions at the top and bottom edges of 
the lamellae are not completely sharp, but rather somewhat 
rounded. 
When looked through, the brightness of the security ele 

ment 12 can be set within a broad scope through the ratio of 
lamella width to lamella spacing. Also the color impression 
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can be largely freely chosen through the color of the emboss 
ing lacquer and of the transparent or translucent Substrate. 

Instead of a colored embossing lacquer 22, also a layer of 
a colorless embossing lacquer 32 can be applied to the Sub 
strate 20, as shown in FIG. 4. The colorless embossing lac 
quer 32 is then first patterned with an embossing die in Such 
a way that depressions or trenches 34 are created in the form 
of the desired blind images, as illustrated in FIG. 4(a). Sub 
sequently, the depressions 34 are filled with ink 36, as 
depicted in FIG. 4(b), to produce a blind image having the 
desired color impression. 
The use of the embossing technique permits, in addition to 

the manufacture of blind foils having a very low total thick 
ness of 50 um or less, also the simple production of locally 
differently oriented lamellar patterns on the same security 
element. FIG. 5 shows, for illustration, a schematic top view 
of a see-through security element 40 according to a further 
exemplary embodiment of the present invention. The security 
element 40 exhibits, in a first region 42, a first lamellar pattern 
whose parallel lamellae 44 run vertically in the view in FIG. 
5. In second regions 46, a second lamellar pattern is provided 
that exhibits identical lamella width and identical lamella 
spacing to the first lamellar pattern, whose likewise parallel 
lamellae 48, however, are oriented at a right angle to the 
lamellae 44. 
When viewed vertically when looked through, due to their 

identical areal coverage, the regions 42 and 46 differ practi 
cally not at all in their visual appearance, the Security element 
40 appears patternless and light. If the security element is now 
tilted at a certain angle to the right or left (tilt direction 50), 
then the tilted lamellae 44 block the viewer's view through it, 
while the spaces between the parallel lamellae 48 in the 
regions 46 permit a view through as before. Thus, for the 
viewer, light circles 46 stand out against a dark background 
42. 

If, on the other hand, the viewer tilts the security element 
forward or backward (tilt direction 52), then the now tilted 
lamellae 48 block the view through, while the spaces between 
the lamellae 44 keep the region 42 light-transmitting. The 
viewer now sees dark circles 46 against a light background 
42. 

In an embodiment not further depicted, it is provided that 
the security element in FIG.5 exhibits an additional transpar 
ent or semitransparent, for example optically variable, coat 
ing that, for example, is arranged between the Substrate and 
the micropattern or on the micropattern. Through this mea 
sure, the counterfeit security of the security element shown in 
FIG. 5 is further increased. 
The simple geometric pattern in FIG. 5 can, of course, be 

extended to more complex patterns, characters or codes. For 
example, to safeguard authenticity, the denomination 16 of 
the banknote 10 can be repeated in the see-through security 
element 12 in the form of regions 60, 62 having different 
lamella orientations, as shown in FIG. 6. As explained for the 
preceding exemplary embodiment, the see-through security 
element 12 appears patternless when viewed vertically, while 
the numeric string “10 stands out light against a dark back 
ground or dark against a light background when the banknote 
is tilted, depending on the tilt direction. 
A further see-through security element according to yet a 

further embodiment of the present invention is shown in FIG. 
14. The security element 140 in FIG. 14 exhibits, in principle, 
a similar pattern to the security elements in FIG.5 and FIG. 6, 
and reference is therefore made to the explanations given for 
these figures. 

The key difference in the see-through security element 140 
with respect to the see-through security elements in FIG. 5 
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10 
and FIG. 6 consists in that the regions of differently oriented 
lamellarpatterns are significantly less sharply delimited from 
each other. While, for example, the regions 42 and 46 of the 
security element 40 in FIG. 5 are arranged vertical to one 
another, the lamellae 141, 147 of the security element 140 in 
FIG. 14 exhibit, in most regions, merely a non-rectilinear 
course, the differences in the direction of the course of adja 
cent regions being relatively small. As evident from FIG. 14, 
the meander-shaped lamellae 141 in regions 144 and 145 
exhibit, in contrast, a course that deviates significantly from 
the preferred direction from top to bottom in FIG. 14, which 
is determined by the lamellae 147 in region 143. 
When viewed vertically when looked through, due to their 

identical areal coverage, the regions 143, as well as 144 and 
145 differ practically not at all in their visual appearance, the 
security element 140 appears Substantially patternless and 
light. If, however, the security element 140 is tilted at a certain 
angle to the right or left (tilt direction 150), then the tilted 
lamellae 147 block the viewer's view through it, while the 
spaces between the lamellae 141 in the regions 144 and 145 at 
least partially permit a significantly extensive view through. 
In contrast to the regions 42 and 46 that are very sharply 
delimited from each other when the security element 40 in 
FIG. 5 is tilted, a continuous transition results between the 
regions 142, 143, 146 and 144, 145 of the security element 
140 in FIG. 14 with respect to the orientation of the lamellae 
(curvature), which also results in the regions 144 and 145 
contrasting less strongly with the regions 142, 143 and 146 
when tilted in the direction 150. Thus, when the security 
element 140 is tilted, regions having lower transparency that 
gradually change into regions having Substantially 
unchanged transparency result for the viewer. Accordingly, 
for the viewer, the regions of low transparency change rela 
tively evenly into the lighter regions in the tilted security 
element 140. 
When tilted in a direction 152 that is substantially vertical 

to direction 150, the spaces between the lamellae 147 keep the 
region 143 light-transmitting, while the now tilted lamellae 
141 in the regions 144, 145 substantially block the view 
through. Accordingly, the viewer now sees dark regions 144, 
145 that continuously change into the light regions 142, 143 
and 146. 
A security element 140 developed according to FIG. 14 

exhibits a very high counterfeit security, since the complex 
wavy lamellar patterns cannot be composed of individual, 
possibly available lamella foils, or easily reproduced. Further, 
the continuous light/dark transitions are perceived by a 
viewer to be visually very appealing. 

Also the security element from FIG. 14 can exhibit an 
optically variable coating that is arranged, for example, 
between the substrate and the micropattern or on the micro 
pattern. The counterfeit security of Such a security element, 
which is not further depicted, is further increased by such a 
CaSU. 

The see-through security elements according to the present 
invention can include, instead of blind images whose micro 
patterns are formed by parallel lamellae, also other micropat 
terns, for example micropatterns composed of a plurality of 
depressions having increased transmittance. 
Of course it is also conceivable that the substantially par 

allel arrangement of the lamellae is replaced, at least in 
regions, by a non-parallel arrangement, which in effect 
amounts to an increase in the counterfeit security of the Secu 
rity element, since Such patterns can be reproduced only with 
great technical difficulty. 
To illustrate, FIG. 7 shows a see-through security element 

70 in which, first, a through dark embossing lacquer layer 74 
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is applied to a transparent substrate 72. Embossed in the 
embossing lacquer layer 74 are a plurality of depressions 76 
in which the transmittance of the embossing lacquer layer 74 
is increased due to the locally reduced layer thickness. Here, 
the depressions 76 are arranged such that, together, when 
looked through, they form a motif that appears and disappears 
depending on the viewing angle. 
Due to the high resolution of the embossing technique and 

the Small layer thicknesses, very fine configurations and com 
plex motifs can be realized. Here, the depiction of the motifs 
is not limited to two-tone depictions (light/dark), but rather, as 
described in the following, also halftone depictions can be 
realized. To avoid undesired color splittings, according to the 
present invention, the characteristic spacing of the depres 
sions is 1 um or more, also in the embodiments in which the 
micropatterns comprise a plurality of depressions. The lateral 
dimensions of the depressions are advantageously likewise 
about 1 Lim or more. 

Different grayscales in the visual impression can be real 
ized through different densities (number of depressions of a 
certain shape per Surface element), depths or also through 
different shapes and sizes of the depressions 76. In this 
regard, FIGS. 8(a) and (b) show, by way of example, some 
embodiments for depressions 76a, 76b, 76c of different 
widths and depths, and for depressions 78 having different 
contour shapes and sizes that lend the embossing lacquer 
layer in each case a defined increased transmittance and thus 
can be used to construct halftone images. Realistic-seeming 
halftone images can generally already be produced with just 
a few grayscales, such that a low number of different depres 
sion shapes, sizes and depths is sufficient. 
The manufacture of the micropatterns (lamellae or depres 

sions) can occur, as described, by embossing, especially by 
embossing in a UV-curing embossing lacquer or a thermo 
plastic lacquer. Soluble dyes as well as pigment dyes can be 
used as colors for the embossing lacquers. 

Alternatively, to manufacture the micropatterns, also print 
ing techniques can be used that are capable of Stringing 
together very finely patterned opaque and non-opaque 
regions. Given a sufficiently low total thickness, the desired 
effects can be obtained with any printing technique that is 
capable of producing an approx. 3 um to 20 Lum thick layer 
having depressions or trenches having diameters between 1 
um and 30 um. 

Particularly advantageously, the micro intaglio technique 
described in the likewise pending German patent application 
10 2006 029 852.7 can be used, which combines the advan 
tages of printing and embossing technologies. Summarized 
briefly, in the micro intaglio printing technique, a die form is 
provided whose Surface exhibits an arrangement of elevations 
and depressions in the form of the desired micropattern. The 
depressions in the die form are filled with a curable colored or 
colorless lacquer, and the Substrate to be printed on is pre 
treated for a good anchoring of the lacquer. Then the Surface 
of the die form is brought into contact with the substrate, and 
the lacquer that, in the depressions in the die form, is in 
contact with the Substrate is cured and, in the process, joined 
with the substrate. Thereafter, the surface of the die form is 
removed from the Support again such that the cured lacquer 
that is joined with the support is pulled out of the depressions 
in the die form. 

For a more detailed description of this micro intaglio 
method and the associated advantages, reference is made to 
the cited German patent application 10 2006 029 852.7, 
whose disclosure in this regard is incorporated in the present 
application. 
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12 
The pattern elements of the micropatterns, for example the 

lamellae in FIGS. 2 to 6 or the depressions in FIGS. 7 and 8. 
can also be provided in Sub-regions with an opaque, a reflec 
tive or an absorbing coating. 

In this way, by means of pattern elements of locally differ 
ent geometries, or by means of pattern elements having Sur 
faces of different slopes, likewise see-through images whose 
visibility depends on the viewing angle can be produced. 
To illustrate, the exemplary embodiment in FIG.9 shows a 

security element 80 having a lamellar pattern composed of a 
plurality of substantially parallel, transparent lamellae 82 that 
are formed, as described above, with the aid of an embossing 
lacquer layer, a printing layer or a micro intaglio layer. The 
symmetric lamellar pattern 82 is asymmetrically provided 
with an opaque coating 84, as shown in FIG. 9. Here, the 
asymmetric coating can occur, for example, by oblique vapor 
deposition by means of a per se known vapor deposition 
method, for example, physical vapor deposition (PVD). The 
particle vapor provided for oblique vapor deposition then 
impinges on the micropattern elements or the Substrate Sur 
face at an oblique, that is, non-vertical angle with respect to 
the Substrate Surface. Due to the asymmetry of the coating, a 
view through the transparent lamellae 82 is possible from the 
viewing direction 88, while the opaque coating 84 on the 
lamellae 82 blocks the view through from the viewing direc 
tion 86, such that the security element 80 appears opaque 
from the viewing direction 86 in the sub-region shown. In this 
way, for example, through Suitable arrangement of the lamel 
lae 82 and the coating 84, a see-through image can be pro 
duced that becomes visible only when the security element is 
tilted in the viewing direction 88. 

Also the exemplary embodiment in FIG.10 shows a micro 
pattern 90 having symmetrically developed micropattern ele 
ments and having an asymmetric coating 92, produced, for 
example, by means of oblique vapor deposition, in which, 
however, the micropattern elements exhibit further surfaces 
of different slopes 94, 96, and thus increase the design free 
dom for the design of the see-through images. 

With the aid of surface patterns 100 having areas of differ 
ent slopes, also see-through images can be produced that 
become effective by means of coating 102 at a vertical angle 
of impact of the particle vapor, especially of the metal vapor, 
as illustrated with reference to the exemplary embodiment in 
FIG 11. 

Instead of an opaque or reflective coating, also an absorp 
tion pattern can be provided on the individual pattern ele 
ments. For example, FIG. 12 shows a security element 110 
having a micropattern 112 having different pattern elements 
that are provided in Sub-regions with so-called moth-eye pat 
terns 114 that constitute effective light traps for the incident 
light. 

In other embodiments, the pattern elements of the micro 
pattern 112 are provided with diffraction gratings that diffract 
Substantial portions of the light incident at a certain angle in 
directions outside of the viewing direction. Effective see 
through tilt effects can also be realized through Such a com 
bination of a geometric micropattern having a characteristic 
element size of 3 um to 50 um with a diffraction pattern 
having a characteristic element size of approximately 300 nm 
to approximately 1000 nm. 

It is understood that, if desired, the patterns can addition 
ally be provided, vertically or obliquely, with a reflective 
layer or with a layer having a refractive index that differs 
significantly from the pattern elements. 

Such a see-through security element having an additional 
coating is shown in FIG. 15. The security element 160 in FIG. 
15 exhibits, applied on a transparent or translucent material 
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161, for example a plastic foil composed of PET, a micropat 
tern 170 that, in turn, is formed from a plurality of micropat 
tern elements 162 and 163 and, arranged on top of that, an 
optically variable coating having layers 164, 165 and 166. As 
can be seen in FIG. 15, the micropattern elements 162 and 163 
that are arranged symmetrically to the symmetry plane 169 
form a sawtooth-shaped relief pattern. The relief pattern can 
also be taken as a grating pattern having a relatively small 
grating angle C. In the example shown, the grating angle C. is 
approximately 20, even if even Smaller angles up to approxi 
mately 5' or larger angles up to approximately 45° are con 
ceivable. In the embodiment shown in FIG. 15, the heighth of 
the individual grating lines is approximately 5um. 

Arranged over the micropattern is a three-layer optically 
variable coating. The individual layers 164, 165 and 166 were 
applied by vapor deposition from a direction oriented Sub 
stantially vertical to the substrate surface. Ideally, the sides 
167 of the relief pattern that are arranged parallel to the vapor 
deposition direction exhibit no optically variable coating. The 
three-ply coating having a color-shift effect is a metallic/ 
dielectric structure having the following configuration. First, 
a layer 164 composed of aluminum is applied, preferably by 
vapor deposition, to the relief patterns fabricated from a UV 
embossing lacquer. The layer serves as a reflector and exhibits 
a layer thickness of approximately 10 nm to 100 nm, prefer 
ably of approximately 30 nm. Over this, a layer composed of 
SiO is normally applied, likewise by vapor deposition, with 
a layer thickness of 100 nm to 1000 nm, particularly prefer 
ably with a layer thickness of approximately 200 nm to 600 
nm. The thickness of the SiO, layer determines the color-shift 
effect that is later perceptible by the viewer for the pattern. 
Finally, over the layer composed of SiO is vapor deposited a 
semitransparent layer composed of chrome that exhibits a 
layer thickness of approximately 3 nm to 10 nm. The three 
layer pattern obtained in this way exhibits a color-shift effect 
from green (top view, direction 177) to magenta (oblique 
viewing angle, direction 178, 179). 
The embodiment of the inventive see-through security ele 

ment shown in FIG. 15 shows for the viewer, in top view 
(direction 177), substantially the same color for the regions of 
the micropattern 170 that are provided with the micropattern 
elements 162 and 163. In contrast, when the security element 
is tilted out of the vertical viewing direction 177 toward an 
oblique viewing direction 178 or 179, the color impression 
for the regions of the security element 160 that are provided 
with the micropattern elements 162 and 163 changes signifi 
cantly due to the then different angle between the irradiated 
light and the interference layer arrangement, having the lay 
ers 164, 165,166, that is present on the micropattern elements 
162 and 163, the plane 169 constituting a sharp boundary 
between the regions, having the elements 162 and 163, that, 
for the viewer, are perceived to be differently colored. 
The security element 160 is extraordinarily counterfeit 

proof due to the Superimposition of a relief pattern and a 
coating having a color-shift effect, and the resulting synergis 
tic effects. Furthermore, such an optically variable security 
element is very appealing for the viewer, Such that a security 
element according to this embodiment has a particularly high 
recognition value. 
A further exemplary embodiment of the present invention 

is illustrated in FIG.13. The see-through security element 120 
shown there exhibits a transparent or translucent Substrate 
122 having a first Surface and an opposing second Surface, a 
see-through mask 124 being applied to the first Surface as a 
micropattern. The see-through mask 124 is formed by an 
opaque layer 126 having light-transmitting openings 128 
having a size below 200 um, preferably having a size of about 
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14 
5 um to about 100 um, the arrangement of the openings 
forming a motif in the form of patterns, characters or a code. 
A congruent see-through mask 130 is applied to the oppos 

ing second surface of the substrate 122 with a certain lateral 
offset A of less than 100 um, for example of only 10 Lum. 
As illustrated in FIG. 13(a) and FIG. 13(b), through suit 

able choice of the size of the openings 128, the thickness of 
the substrate 122 and the offset A, it can be achieved that the 
motif of the see-through masks 124, 130 is visually percep 
tible when looked through only from a certain viewing direc 
tion 132, while the see-through security element 120 appears 
opaque from other viewing directions 134. 
The opaque layers of the see-through masks can be pro 

duced through known printing methods, by embossing in 
color layers, by embossing depressions in transparent lacquer 
and Subsequently filling the depressions with ink, through 
metallization/demetallization, and preferably through the 
above-mentioned micro intaglio technique according to Ger 
man patent application 10 2006 029 852.7. Also, it is con 
ceivable, in principle, that the see-through mask on one side 
of the Substrate is obtained through, for example, an emboss 
ing technique, but the see-through mask on the other side of 
the substrate through a suitable metallization or demetalliza 
tion technique. In the case of demetallization, different laser 
techniques can be used advantageously, since see-through 
masks of high spatial resolution can be obtained with them. 
To achieve the required small offset of the see-through 

masks, these can especially be applied simultaneously to the 
opposing Surfaces of the Substrate. If, on the other hand, the 
see-through masks are applied in Succession, particular atten 
tion must be paid to the registration of the micropatterns, 
especially their alignment with the size of the openings 128. 
If larger openings 128 are used, then the registration is less 
critical, such that in this case, also application methods with 
greater register tolerance can be used. 

Also for the case of the embodiment shown in FIG. 13, it is, 
in principle, conceivable to arrange an additional coating, for 
example an optically variable, semitransparent thin film 
arrangement, on or under the see-through masks. The addi 
tional coating is advantageously patterned just like the see 
through mask, so exhibits the same motif, which can be 
achieved, for example, through demetallization techniques. 

If, as shown in FIG. 13, the see-through masks are not 
congruent, but rather exhibit different motifs, i.e. different 
regions of transparency, it is possible to achieve interesting 
Moire effects and effects that depend on the tilt or rotation 
angle when the see-through security element is tilted or 
rotated. However, these special effects will not be addressed 
in greater detail in the present application. 
The invention claimed is: 
1. A see-through security element for security papers and 

value documents, comprising: 
a see-through region in the security element, 
wherein the see-through region includes at least one micro 

pattern formed from an arrangement of a plurality of 
pattern elements 

wherein the see-through region is capable of allowing vis 
ible light to be transmitted therethrough, 

wherein the at least one micropattern is not visible in the 
transmitted visible light when seen looking toward the 
see-through region in a direction perpendicular to a 
plane of the security element, and 

wherein the at least one micropattern is visible in the trans 
mitted visible light when seen looking at the see-through 
regionatan angle oblique to the perpendicular direction. 

2. The see-through security element according to claim 1, 
characterized in that the pattern elements are provided in 
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Sub-regions with an opaque, transparent, semitransparent, 
reflective or absorbing coating. 

3. The see-through security element according to claim 2, 
characterized in that the coating is formed of two, three, or 
more layers. 5 

4. The see-through security element according to claim 2, 
characterized in that the coating is formed as a thin-film 
element having a color-shift effect. 

5. The see-through security element according to claim 2, 
characterized in that the pattern elements exhibit an asym- 10 
metrically arranged coating, moth-eye pattern or diffractive 
pattern. 

6. The see-through security element according to claim 1, 
characterized in that the pattern elements are provided in 
Sub-regions with a metallic coating. 15 

7. The see-through security element according to claim 1, 
characterized in that the pattern elements are provided in 
Sub-regions with a moth-eye pattern. 

8. The see-through security element according to claim 1, 
characterized in that the pattern elements are provided in 20 
sub-regions with a diffractive pattern that diffracts substantial 
portions of the incident light in directions outside of the 
viewing direction. 

9. The see-through security element according to claim 1, 
wherein the at least one micropattern comprises a lamellar 25 
pattern composed of a plurality of Substantially parallel 
lamellae, the Substantially parallel lamellae aligning Substan 
tially parallel to one another in the perpendicular direction. 

10. The see-through security element according to claim 9. 
characterized in that multiple micropatterns formed by lamel- 30 
lar patterns are provided that differ in one or more of the 
parameters lateral orientation, color, width, height, relief 
shape and spacing. 

11. The see-through security element according to claim 
10, characterized in that the differing lamellar patterns are 35 
arranged in the form of patterns, characters or a code. 

12. The see-through security element according to claim 1, 
characterized in that the see-through security element exhib 
its a transparent or translucent Substrate and, applied on the 
Substrate, a marking layer that includes the at least one micro- 40 
pattern. 

13. The see-through security element according to claim 
12, characterized in that the marking layer is a colored 
embossing lacquer layer including non-embossed regions 
that form the pattern elements of the at least one micropattern. 45 

14. The see-through security element according to claim 
12, characterized in that the marking layer is a transparent or 
translucent embossing lacquer layer that exhibits embossed 
depressions that include colored material and that form the 
pattern elements of the at least one micropattern. 50 

15. The see-through security element according to claim 
12, characterized in that the marking layer is a printing layer 
having regions of high transmittance and having regions of 
low transmittance, the regions of low transmittance forming 
the pattern elements of the at least one micropattern. 55 

16. The see-through security element according to claim 
12, characterized in that the marking layer is a micro intaglio 
layer having regions of high transmittance and having regions 
of low transmittance, the regions of low transmittance form 
ing the pattern elements of the at least one micropattern. 
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17. The see-through security element according to claim 1, 

characterized in that the pattern elements exhibit a character 
istic pattern spacing of 5 um or more. 

18. The see-through security element according to claim 1, 
wherein the pattern elements have a pattern spacing in a range 
from 1 um to 250 um. 

19. The see-through security element according to claim 
18, wherein the spacing of the pattern elements is within a 
range from 3 um to 50 um. 

20. The see-through security element according to claim 1, 
wherein the pattern elements have a height-to-width ratio of 
about 1:5 up to about 5:1. 

21. The see-through security element according to claim 
20, wherein the pattern elements have a height-to-width ratio 
of between 1:1 and 5:1. 

22. The see-through security element according to claim 1, 
characterized in that at least one micropattern in a marking 
layer is formed by a plurality of depressions having an 
increased transmittance. 

23. The see-through security element according to claim 
22, characterized in that the plurality of depressions are 
arranged in the form of patterns, characters or a code. 

24. The see-through security element according to claim 1, 
characterized in that the see-through security element exhib 
its a transparent or translucent Substrate having a first and an 
opposing second surface, a see-through mask being applied to 
the first Surface as a micropattern, and a congruent see 
through mask being applied to the second Surface with a 
predetermined lateral offset of 100 um or less. 

25. The see-through security element according to claim 
24, characterized in that the see-through mask includes a 
motif, in the form of patterns, characters or a code, that is 
visually perceptible when looked through only at a certain 
Viewing angle. 

26. The see-through security element according to claim 
24, wherein the see-through masks are each formed by an 
opaque layer having transmissive openings having a size of 
less than 200 um, the openings forming a motif in the form of 
patterns, characters or a code. 

27. The see-through security element according to claim 
26, wherein the transmissive openings have a size from about 
3 um to about 100 um. 

28. A security paper for manufacturing value documents 
that is furnished with the see-through security element 
according to claim 1. 

29. A data carrier, especially a value document Such as a 
banknote, identification card or the like, that is furnished with 
the see-through security element according to claim 1. 

30. The see-through security element according to claim 1, 
wherein the see-through security element has a total thickness 
of 50 um or less. 

31. The see-through security element according to claim 
30, wherein the see-through security element has a total thick 
ness of 20 um or less. 

32. The see-through security element according to claim 
31, wherein the see-through security element has a total thick 
ness in a range from 3 um to 10 um. 
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